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FORMAT CONVERSION CIRCUIT 

TECHINCAL FIELD 

This invention relates to a format conversion 
circuit, and more particularly, to a format conversion 
circuit for converting the video data format to a pseudo 
format of MPEG-2 (Moving Picture Experts Group phase 2) TS 
(Transport Stream) . 

DESCRIPTION OF THE PRIOR ART 

Fig. 11 is a functional block diagram showing the 
general structure of a conventional video data capture 
system. Adding a capture circuit 3 to an existing system 
chip 1 for digital broadcast receivers allows this video 
data capture system to capture an analog video signal and 
transfer the captured video data to a system memory. 

As shown in Fig. 11, a currently provided system 
chip 1 for digital broadcast receivers includes a CPU 
(Central Processing Unit) 11, an MPEG decoder 12, an audio 
decoder 13, a video encoder 14, an external bus interface 
15, an internal local bus 16, a memory controller 17, a 
demultiplexer 18, and other circuit groups 19. 

In order to use the system chip 1 for digital 
broadcast receivers to capture an analog video signal in 
the NTSC (National Television system Committee) or PAL 
(Phase Alternating Line) format and transfer the same to 
the system memory 2, the capture circuit 3 needs to be 
added outside the system chip 1 for digital broadcast 
receivers . 

The capture circuit 3 includes a frame buffer 
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memory 31 for storing a frame of video data, and a memory 
controller 32 for controlling the writing and reading of 
data to and from the frame buffer memory 31. The capture 
circuit 3 also includes a data transfer interface 33 for 
transferring the fame of video data read out of the frame 
buffer memory 31 to the digital broadcast receiver system 
chip 1 through an external bus 4 . 



The analog video signal is converted by a video 
decoder 5 to digital video data in ITUR-BT.656 or 601 
format, and input into the capture circuit 3. The capture 
circuit 3 stores the input video data, and transfers the 
stored data to the digital broadcast receiver system chip 1 
on a frame-by-frame basis. In the digital broadcast 
receiver system chip 1, the video data transferred through 
the external bus 4 is then transferred to the internal 
local bus 16 through the external bus interface 15. The 
memory controller 17 writes the video data transferred to 
the internal local bus 16 to the system memory 2. 



Although the capture circuit 3 can be incorporated 
in the digital broadcast receiver system chip 1, this 
incorporation increases not only the number of pins for the 
video data interface, but also the overall circuit size, 
resulting in an increase in the cost of the digital 
broadcast receiver system chip 1. 
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(Published 7/31/98) 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a 
format conversion circuit capable of capturing video data 
given from the outside using an existing system chip for 
digital broadcast receivers as it is without adding any 
capture circuit. 

A format conversion circuit according to the 
invention includes storage means, header generation means, 
synchronous timing detection means, and selection means. 
The storage means stores video data. The header generation 
means generates a packet header that adheres to a standard 
for motion picture compression. The synchronous timing 
detection means detects a synchronizing signal for the 
video data. The selection means repeats the selection of 
the packet header generated by the header generation means 
and the selection of a predetermined amount of video data 
read out of the storage means as a payload responsive to 
the packet header, during an interval from when the 
synchronous timing detection means detects the 
synchronizing signal until it detects the next 
synchronizing signal . 

In the format conversion circuit, the video data 
is divided by the selection means into predetermined 
amounts of video data, and the packet header is inserted 
between the divided video data according to the standard 
for motion picture compression. Thus the format of the 
video data is converted to a pseudo format of the motion 
picture compression standard. When the format-converted 
video data is input to a system chip for digital broadcast 
receivers through an input port that adheres to the motion 
picture compression standard, the system chip processes the 
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video data in the same manner as it processes normal data. 
As a result, the captured video data can be transferred to 
a system memory. Further, since the video data is divided 
and output as it is, the format conversion is performed in 
real time. In addition, multiple combinations of packet 
headers and payloads are output during an interval from a 
synchronizing signal and the next synchronizing signal, so 
that the delays of processing the video data due to the 
insertion of packet headers are absorbed during the 
synchroni z at ion period . 

The selection means preferably includes a counter 
and a switch. The counter is reset in response to the 
synchronizing signal detected by the synchronous timing 
detection means to count the amount of packet header output 
from the header generation means and the amount of video 
data read out of the storage means. The switch selects the 
packet header generated by the header generation means 
until the amount of packet header counted by the counter 
reaches a predetermined amount, and selects the video data 
read out of the storage means after the amount of packet 
header counted by the counter has reached the predetermined 
amount . 

As mentioned above, the format conversion circuit 
according to the invention is capable of capturing video 
data given from the outside using an existing system chip 
for digital broadcast receivers as it is without adding any 
capture circuit . 

BRIEF OF DESCRIPTION OF THE DRAWINGS 

[Fig. 1] It is a functional block diagram showing 
the general structure of a video capture system including a 
format conversion circuit according to an embodiment of the 
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invention . 

[Fig. 2] It is a diagram for explaining a method 
of processing MPEG2-TS data through a demultiplexer in a 
system chip for digital broadcast receivers shown in Fig. 
1. 

[Fig. 3] It is a diagram for explaining an 
example of a format conversion method for video data output 
from a video decoder shown in Fig. 1. 

[Fig. 4] It is a diagram for explaining another 
example of the format conversion method. 

[Fig. 5] It is a diagram for explaining a format 
conversion method through the format conversion circuit 
shown in Fig. 1. 

[Fig. 6] It is a diagram showing the frame 
structure of video data output from the video decoder shown 
in Fig. 1. 

[Fig. 7] It is a diagram for explaining the whole 
story on the format conversion method through the format 
conversion circuit shown in Fig. 1. 

[Fig. 8] It is a functional block diagram showing 
the structure of the format conversion circuit shown in 
Fig. 1. 

[Fig. 9] It is a timing chart showing the 
operation of the format conversion circuit shown in Fig. 8. 
[Fig. 10] It is a timing chart continued from 

Fig. 9. 

[Fig. 11] It is a functional block diagram 
showing the general structure of a conventional video data 
capture system. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to the accompanying drawings, an 
embodiment of the invention will now be described in 
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detail. In the drawings, identical or equivalent portions 
are given the same reference numerals to invoke the same 
descriptions . 

Fig. 1 is a functional block diagram showing the 
general structure of a video data capture system including 
a format conversion circuit 100 according to the embodiment 
of the invention. As shown in Fig. 1, the format 
conversion circuit 100 is added to this video data capture 
system instead of the capture circuit 3 shown in Fig. 11. 
The format conversion circuit 100 converts the format of 
digital video data VD, output from the video decoder 5, to 
a pseudo MPEG2-TS format. The video data the format of 
which has been converted to the pseudo MPEG2-TS format 
(hereinbelow called "MPEG2-TS data" MD) is supplied to the 
demultiplexer 18 through an MPEG2-TS input port of the 
system chip 1 for digital broadcast receivers. The 
demultiplexer 18 is a circuit for processing MPEG2-TS data 
packets. The demultiplexer 18 and the MPEG2-TS input port 
reside on any existing system chip 1 for digital broadcast 
receivers. 

Here, for example, in the ITUR-BT.656 format, the 
digital video data VD is eight bits long and contains 
control signals such as horizontal and vertical 
synchronizing signals. However, the format of the digital 
video data VD is not limited to ITUR-BT.656, and it may be 
in TUR-BT.601 format. 

After the format conversion circuit 100 converts 
the format to the pseudo MPEG2-TS format and inputs the 
MPEG2-TS data MD to the demultiplexer 18, the demultiplexer 
18 processes the input MPEG2-TS data MD in the same manner 
as it processes real data as defined by MPEG2-TS . As a 
result, the input MPEG2-TS data MD can be transferred to 
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the system memory 2 through the internal local bus 16 and 
memory controller 17. The system memory 2 has a work area 
for the CPU 11 and a work area related to the decoders 12, 
13, and graphics 20. Grabbing into the system memory 2 the 
video data thus captured allows the graphics 20 to perform 
graphic processing . 

The functions of the demultiplexer 18 residing on 
the existing system chip 1 for digital broadcast receivers 
will be described before a detailed description of the 
format conversion circuit 100. 

As shown in Fig. 2, the demultiplexer 18 generally 
has the following seven functions: (1) packet 
synchronization function, (2) PID (Packet Identification) 
filtering function, (3) clock recovery function, (4) 
descrambling function, (5) error processing function, (6) 
data processing function (PES (Packetized Elementary 
Stream) or ES packet assembly) , and (7) data transfer 
function. Each MPEG2-TS data packet has a fixed length of 
188 bytes, and consists of a minimum of four bytes of 
packet header, and a payload containing information as a 
data body. The packet header includes a sync byte 
representing the top of the packet, a PID representing 
attributes of each individual stream of packet data, etc. 

The demultiplexer 18 uses its packet 
synchronization function to detect the synch byte and 
divide the continuous MPEG2-TS data MD into 188-byte data 
packets. The demultiplexer 18 then uses its PID filtering 
function to refer to the PID and extract necessary data 
packets. Then the demultiplexer 18 uses its data 
processing function to assemble the extracted data packets 
in a required form and manage them on a PID basis. Then 
the demultiplexer 18 uses its data transfer function to 
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transfer data related to clock recovery to its clock 
recovery function, data related to descrambling to its data 
descrambling function, data related to error processing to 
its error processing function, video data to the MPEG 
decoder 12, audio data to the audio decoder 13, and the 
other data to the system memory 2. The other functions are 
performed as necessary to process and transfer data in the 
system memory 2. 

As is apparent from the above description, the 
video data may be transferred to the system memory 2 using 
the demultiplexer 18 merely by inserting the four bytes of 
packet header between 184-byte video data in a manner shown 
in Fig. 3. The format conversion circuit 100 is to perform 
such a format conversion, and in order to omit the 
necessity of providing the frame buffer memory 31 required 
in the conventional capture circuit 3 shown in Fig. 11, it 
needs to meet the following two conditions: 

(1) It must perform the format conversion in real 

time . 

(2) It must synchronize a sampling clock for 
incoming video data VD with a sampling clock for outgoing 
MPEG2-TS data MD. 

As shown in Fig. 3, the video data VD has to be 
segmented into 184-byte packet units while inserting a 
packet header between the packet units. In order to meet 
the above condition (1), it can be considered to process 
188 bytes of MPEG2-TS data MD during the period of 
receiving 184 bytes of video data VD in a manner shown in 
Fig. 4. In this case, it is needed that the transfer rate 
of incoming video data VD and the transfer rate of outgoing 
MPEG2-TS data MD establish the following equation 
relationship. 
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Transfer Rate of MPEG2-TS Data = 188/184 x 
Transfer Rate of Video Data 

In this method, however, the MPEG2-TS data MD 
needs to be transferred at a speed about 1.02 times higher 
than the video data VD, and this makes it impossible to 
transfer the MPEG2-TS data MD in synchronization with the 
sampling block for video data VD. Therefore, this method 
does not meet the above condition (2) . 

It can also be considered to process and transfer 
the incoming video data VD and the outgoing MPEG2-TS data 
MD in synchronization with an identical sampling clock in a 
manner shown in Fig. 5. In this method, however, the 
transfer of the MPEG2-TS data MD is delayed by an amount of 
time corresponding to four bytes of packet header each time 
the 184-byte data packet is transferred. Therefore, this 
method cannot be simply adopted to meet the above condition 
(1) . The format conversion circuit 100 according to the 
invention is configured to meet the above condition (1) 
using this latter method. The following explains the 
configuration . 

Fig. 6 shows the frame structure of video data VD. 
As is apparent from Fig. 6 that one frame is composed of n 
lines. The lines are aligned one after another to form 
video data VD. The video data VD contains two kinds of 
synchronization periods during which no valid video data 
exists. One is a horizontal synchronization period and the 
other is a vertical synchronization period. The horizontal 
synchronization period exists between lines, while the 
vertical synchronization period exists between frames. 

Although the method shown in Fig. 5 causes the 
format conversion to the pseudo MPEG2-TS format to be 
delayed by an amount of time at which a packet header is 
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inserted, the format conversion circuit 100 according to 
the embodiment of the invention absorbs the delays using 
the horizontal synchronization periods that exist in the 
video data VD. A method for absorbing the delays is shown 
in Fig. 7. 

As shown in Fig. 7, the input video data is 
segmented into multiple segments that become payloads of 
MPEG2-TS data MD to be output. A packet header as defined 
by MPEG2-TS is inserted immediately before each payload. 
In the example of Fig. 7, a payload is still in process of 
being transferred after completion of the transfer of valid 
data of line X. The transfer of this payload, however, is 
completed during the horizontal synchronization period that 
follows the line X. After completion of the horizontal 
synchronization period, when the transfer of valid data of 
line X+l is started, the transfer of the next payload is 
started. If one line of data is segmented into 188-byte 
payloads, fractional data less than 188 bytes may occur. 
In this case, dummy data may be added to the fractional 
data to make a 188-byte payload. When this method is used 
to convert the format of video data VD to the pseudo 
MPEG2-TS format, a blank period in which no valid data 
exists in each horizontal synchronization period. Such a 
blank period also occurs in each vertical synchronization 
period. The format conversion circuit 100 according to the 
invention is configured to generate a data valid signal 
that indicates the existence of valid data in all but blank 
periods . 

Fig. 8 shows the details of the format conversion 
circuit 100 that implements such an operation. As shown in 
Fig. 8, the format conversion circuit 100 includes a FIFO 
(First-In First-Out) memory 101, a header generation 
circuit 102, a synchronous timing detection circuit 103, a 
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counter 104 , and a switch 105. Video data VD and a 
sampling clock CK are input into the format conversion 
circuit 100. If the video data VD is data in the format 
specified by ITUR-BT.656, control signals such as 
horizontal and vertical synchronizing signals will be 
embedded in the video data VD. If they are not embedded in 
the video data VD, the control signals will be input in 
conjunction with the video data VD. The format conversion 
circuit 100 outputs MPEG2-TS data MD. It also outputs the 
sampling clock CK for the video data VD as it is as the 
sampling clock CK for the MPEG2-TS data MD. Further, the 
format conversion circuit 100 outputs a data valid signal 
DV that indicates the validity of the MPEG2-TS data MD. 

The FIFO memory 101 stores the video data VD in 
response to the sampling clock CK for the video data VD. 
In other words, the FIFO memory 101 is synchronized with 
the sampling clock CK for the video data VD to write and 
read the video data VD. The FIFO memory 101 is reset to 
erase the video data VD when the data valid signal DV from 
the counter 104 is activated. 

The header generation circuit 102 generates an 
MPEG2-TS packet header in response to the sampling clock CK 
for the video data VD. Each packet header includes the PID 
and sync byte as specified by MPEG2-TS. 

The synchronous timing detection circuit 103 
detects the horizontal synchronizing signal for the video 
data VD in response to the sampling clock CK for the video 
data VD, and notifies it to the counter 104 and FIFO memory 
101. 

The counter 104 is reset in response to the 
horizontal synchronizing signal detected by the synchronous 
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timing detection circuit 103 so that the counter 104 will 
count the number of bytes of packet header output from the 
header generation circuit 102 and the number of bytes of 
video data VD read out of the FIFO memory 101. 

The switch 105 selects the packet header generated 
by the header generation circuit 102 until the number of 
bytes of packet header counted by the counter 104 reaches 
the number of bytes of packet header as specified by 
MPEG2-TS (Specifically four bytes) . After the number of 
bytes counted by the counter 104 reaches the number of 
bytes of packet header as specified by MPEG2-TS 
(Specifically four bytes), the switch 105 selects the video 
data read out of the FIFO memory 101. Specifically the 
switch 105 has two input terminals 1051 and 1052, and an 
output terminal 1053. The input terminal 1051 receives the 
video data from the FIFO memory 101. The input terminal 
1052 receives the packet header from the header generation 
circuit 102. The switch 105 is changed in response to a 
select signal SE output from the counter 104. To be 
specific, the output terminal 1053 is connected to the 
input terminal 1052 when the count value of the counter 104 
is "4" or less, while it is connected to the input terminal 
1051 when the count value of the counter 104 exceeds "4." 

Referring next to timing charts of Figs. 9 and 10, 
the operation of the format conversion circuit 100 thus 
configured will be described. 

As shown in Figs. 9 and 10, the video data VD is 
written into the FIFO memory 101 in synchronization with 
the sampling clock CK for the video data VD. To be 
specific, a byte of video data VD is written into the FIFO 
memory 101 in each clock cycle of the sampling clock CK. 
In the embodiment, 1440 bytes of valid video data VD are 
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input within one horizontal period (interval between a 
horizontal synchronization period and the next 
synchronization period) . Invalid (or meaningless) data is 
input within each horizontal synchronization period. A 
horizontal synchronizing signal HS is activated to an L 
(logical low) level during the horizontal synchronization 
period, and deactivated to an H (logical high) level during 
the horizontal period. Although in Figs. 9 and 10 the 
horizontal synchronizing signal HS is shown separately from 
the video data VD, if the video data VD is data in the 
format specified by ITUR-BT.656, the horizontal 
synchronizing signal HS is embedded in the video data VD. 
Therefore, in this case, the horizontal synchronizing 
signal HS is extracted from the video data VD. 

Since the select signal SE is at the L level 
during the horizontal synchronization period in which the 
horizontal synchronizing signal HS is deactivated to the L 
level, the switch 105 selects the four-byte packet header 
from the header generation circuit 102 to output the same 
as MPEG2-TS data MD. Since the counter 104 counts the 
number of bytes of this packet header, it takes count 
values CV from "0" to "4." When the count value becomes a 
value other than "0," the counter 104 activates the data 
valid signal DV to the H level. 

Upon completion of the horizontal synchronization 
period, the video data VD is sequentially written into the 
FIFO memory 101, and read out immediately. When the count 
value exceeds "4" and becomes "5," the counter 104 changes 
the select signal SE to the H level. This changes the 
switch 105 to select the video data read out of the FIFO 
memory 101 immediately behind the four-byte packet header. 

The selected vide data is output as a payload of MPEG2-TS 
data MD. 
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The counter 104 counts the number of bytes of the 
video data read out of the FIFO memory 101 immediately 
after counting that of the packet header. When the counter 
104 counts up to the 184-th byte of the video data, the 
count value reaches "188." Since up to this time the 
format conversion circuit 100 has output 184 bytes of video 
data as the payload of MPEG2-TS data MD, the counter 104 
changes the select signal SE to the L level to change the 
switch 105 to select again the packet header output from 
the header generation circuit 102. 

The above-mentioned sequence of operations is 
repeated from then on. It should be noted that although 
the first 184 bytes of video data VD are output as MPEG2-TS 
data MD in real time, the second or further 184-byte video 
data VD is output with a delay for the packet header 
inserted immediately before it. For example, the second 
184 bytes of video data VD (185-368) is delayed by an 
amount of time corresponding to four bytes, the third 184 
bytes of video data VD (369-552) is delayed for eight bytes 
(four bytes times 2), and the last (seventh) 184 bytes of 
video data VD (1288-1440) is delayed for 28 bytes (four 
bytes times 7 ) . 

In the embodiment, since the video data VD is 1440 
bytes, if it is divided into 184-byte payloads, the last 
payload is only 152 bytes (the remainder of 1440 divided by 
184). Therefore, 32 bytes (= 152 subtracted from 184) of 
dummy data are added to the last payload. Although the 
dummy data could be of any type, dummy data arbitrarily 
read out of the FIFO memory 101 is assumed here. The 
counter 104 counts the number of bytes of dummy data as 
continued from the valid data, and when the count value CV 
reaches "188," the select signal SE is changed to the L 
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level and the data valid signal DV is deactivated to the L 
level . 

The next line of video data VD is processed in the 
same manner. Upon starting the format conversion of the 
next line of video data VD, the counter 104 activates again 
the data valid signal DV to the H level. The FIFO memory 
101 is reset in response to this H-level data valid signal 
DV to erase the previous line of video data VD. 

As discussed above, it is necessary in the 
embodiment to keep in the FIFO memory 101 the video data VD 
input while four bytes of packet he'ader are being inserted. 
The necessary capacity of the FIFO memory 101 is generally 
expressed by the following equation. 

FIFO Size = { (Number of Bytes for One Line of 
Video Data/184) - A} x Number of Bytes of Packet Header 

In this equation, A = 0 when the number of bytes 
for one line of video data cannot be divided by 184, or 

A = 1 when the number of bytes for one line of 
video data can be divided by 184. 

In the embodiment, since the number of bytes for 
one line of video data is 1440 bytes, and the number of 
bytes of packet header is four bytes, A = 0 and the 
capacity necessary for the FIFO memory 101 is determined as 
28 bytes from the following equation. 

FIFO Size = {(1440/184) - 0} x 4 = 28 (bytes) 
Thus the embodiment can enormously reduce the 
capacity necessary for the FIFO memory 101 compared to that 
necessary for the conventional frame buffer memory 31. To 
be specific, in the case of NTSC, the amount of valid data 
is 1440 bytes per line and 485 lines exist in one frame. 
In this case, the amount of data per one frame is 698400 
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bytes (= 1440 bytes times 485 lines) . Therefore, the 
conventional frame buffer memory 31 needs a capacity of 
698400 bytes, whereas the FIFO memory 101 in the embodiment 
needs only a capacity of 28 bytes. 

As described above, according to the embodiment, 
the format conversion circuit 100 converts the format of 
video data VD to the pseudo MPEG2-TS format. Therefore, 
when the format-converted MPEG2-TS data MD is input to the 
digital broadcast receiver system chip 1 through the 
MPEG2-TS input port, the demultiplexer 18 processes the 
input MPEG2-TS data MD in the same manner as it processes 
normal MPEG2-TS data. As a result, the captured video data 
VD can be transferred to the system memory 2 without 
through the capture circuit 3 required in the conventional. 
Further, the format conversion circuit 100 is synchronized 
with the sampling clock CK for the video data VD to write 
and read the video data into and from the FIFO memory 101, 
and outputs the sampling clock CK for the video data VD as 
it is as the sampling clock CK for the MPEG2-TS data MD. 
Therefore, the MPEG2-TS data MD can be synchronized with 
the video data VD. In addition, the format conversion 
circuit 100 absorbs, in the horizontal synchronization 
periods, the delays of processing the video data VD due to 
the insertion of the packet headers, thereby performing the 
format conversion in real time. 

The above-mentioned embodiment is just an example 
for carrying out the invention. Therefore, the invention 
is not limited to the above-mentioned embodiment, and 
appropriate modifications can be carried out without 
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